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Childhood Adversity Linked to Neurological Circuitry Changes 
and Mental Health Disorders: A Narrative Review 
Alexander L. Shand.1 
Abstract 
Children who experience adversity have an increased risk for psychiatric disorders. However, little is known about the exact alterations that occur in the 
neural circuitry and how that information may help lead to early diagnosis or preventive medicine. Research has shown that there are specific changes in 
neurological functional connectivity in the brain associated with childhood adversity. This review examined seventeen studies that investigated the 
correlation between changes in brain connectivity and specific psychiatric disorders. Specifically, it reviews articles that used imaging techniques to directly 
visualize functional connectivity changes in the brains of children exposed to adversity. Major findings to be discussed in more detail and in different 
disease states include stronger connectivity from the hippocampus, ventral striatum, amygdala, and in the medial lemniscus. Decreased connectivity 
strength was found in all the major projection, association, and commissural fiber pathways. Understanding these changes may help with preventive 
medicine by ensuring that clinicians monitor patients with more severe history of adversity who are therefore at higher risk for developing a psychiatric 
disorder. This paper will also address potential recommendations that could be implemented in the future as research offers more conclusive evidence. 
Research is now beginning to address the questions of whether these changes can be attenuated, either during childhood or as adults. 
 





There is currently no consensus among experts about how many 
children experience adversity, but estimates for the prevalence of 
childhood adversity (CA) range from twenty-five percent1 to eighty 
percent.2 These prevalences are dependent on the cohort examined and 
there are many more estimates in between these extremes.3-5 Of 
adolescents in the United States, approximately twenty-percent are 
affected by mental illness each year.6 There is a link between exposure 
to childhood adversity and development of mental health disorders,7 
however quantitative values remain unknown due to other factors such 
as heritability.8 It should be noted that while there is a definite 
association,7 it cannot yet be confidently stated that that there is a 
causal relationship. 
 
Within the past twenty-five years, research has demonstrated definitive 
links to specific long-term effects caused by CA.7,9-12 The Adverse 
Childhood Experiences (ACE) survey is the study that first established 
links between CA and medical disease such as ischemic heart disease, 
chronic lung disease, cancer, liver disease.9 Other medical diseases 
associated with CA include diabetes,13 cardiovascular disease,14 stroke, 
obesity, chronic obstructive lung disease, autoimmune disease, 
sexually transmitted disease, and reduced life expectancy.15  
 
In addition to links between CA and medical disease, it is also well 
established that adversity in children is associated with increased risk 
for psychiatric disorders.7 The most common psychiatric issues that 
develop as a result of CA are depression, bipolar disorder, anxiety, 
eating disorders, suicidal ideation, conduct disorders, and substance 
use disorders. Of note, for each of these negative consequences there 
is a dose-dependent relationship between CA exposure and likelihood 
of development.7  
Research then shifted to examine how adversity affects structure, 
volume, and morphology of the brain, and again many significant and 
consistent correlations were found; most regions in the brain had 
decreased volumes. CA exposure causes decreased volumes of the 
hippocampus, dorsolateral prefrontal cortex, medial prefrontal cortex, 
orbitofrontal cortex, anterior cingulate cortex, and cerebellum. 10,11 
There is conflicting evidence regarding the amygdala and corpus 
callosum, with some studies identifying increased volumes, but others 
showing no significant change.10 
 
Moving forward, work then began to look at activity within individual 
regions of the brain, without yet focusing on connections between 
regions.12 In people with a history of CA, regions that are hyperactive 
in response to emotional stimuli include the amygdala, superior 
temporal gyrus, parahippocampal gyrus, and insula.12  
 
There is substantial evidence that childhood adversity affects 
neurodevelopment and susceptibility to medical disease and 
psychopathology. However, there is not much evidence demonstrating 
specific inter-regional connectivity changes in the neurological circuits 
and the precise mechanisms of how they contribute to the 
development of mental health disease. These brain changes are the 
focus of much of the current research, and the focus of this paper 
which will review the specific changes in functional connectivity and 
signaling between regions of the brain in children exposed to adversity. 
It will also look at the level of the strength of the connectivity between 
regions and will review the evidence linking these changes to mental 
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Methods 
Search Strategy and Selection Criteria 
Studies were selected by searching in PubMed Central. The first search 
criteria was [adverse childhood experiences] AND [MRI] which yielded 
61 results. To expand the scope, the second search criteria was 
[childhood adversity] AND [MRI] which yielded 1068 results. These 
results were too vague and diverse. To limit the scope, we focus on 
only those studies that related to functional connectivity. Thus, the 
third search criteria was [childhood adversity] AND [connectivity] which 
yielded 924 results. The search was not restricted by any means. Using 
date filters, we found that from January 1, 2000 – December 31, 2008 
only 6 articles were published that met the search criteria. From January 
1, 2009 – December 31, 2014 an additional 211 articles were published 
matching the criteria. Then from January 1, 2015 – February 28, 2020 
and additional 730 articles were published. This rapid and robust 
increase in results matching the search terms implies a shift towards 
studies relating to whole brain neural mapping and functional 
connectivity. This rising field of research is where we decided to focus 
this review. We tried to narrow the scope of this paper to one single 
variable of childhood adversity and how it relates to functional 
connectivity changes that can be visualized, and then how it can be 
used as a factor to predict psychiatric illness. For this review, we 
included papers from January 1, 2000 – February 28, 2020. All records 
produced from the search were in English, so we did not have to 
translate any paper. We focused only on studies that examined 
connections between two separate regions in the brain and their 
influence on one another, and on studies that directly visualized the 
brain using imaging techniques. If a study examined the activity of a 
single region it was excluded, because functional connectivity by 
definition must involve the interaction between two regions of the 
brain. To focus on solely functional connectivity changes in CA, studies 
related to only structural, morphological, or volumetric alterations were 
also excluded.  
 
Any studies related to neurochemical alterations that used 
measurement techniques other than imaging, such as blood tests, were 
excluded. Any studies related to underlying genetic causes of pathway 
changes were also excluded. Using these criteria, a total of seventeen studies 
were found that relate childhood adversity and visualization of functional 
connectivity changes in neurological circuits (Figure 1).  
Adversity Assessment 
Over time attempts to define childhood adversity have been made in 
order to maintain consistent terminology. However, due to the fact that 
children have vastly different experiences, it is difficult to have a 
common dialect with consistent definitions. With the exception of ACE, 
most terminology is used arbitrarily, although occasionally it reflects 
which questionnaire was used in a study. Common terms used to 
describe adversity in childhood include adverse childhood experiences, 
childhood adversity, early life maltreatment, early life stress, negative 
childhood experiences, negative stressful life events, parental verbal abuse, 
witnessing domestic violence, low socioeconomic status, and being bullied 
 
Because there is no uniform definition of adversity, many different 
study methods are used to categorize and quantify these subjective 
experiences. Questionnaires are used to create a numerical value from 
subjective experiences in order to adequately compare subjects. The 
questionnaires used in the studies reviewed here are the childhood 
adversity interview,16 childhood trauma questionnaire,17 early life stress 
questionnaire,18 stressful life events schedule,19 risky family 
questionnaire,20 verbal abuse questionnaire,21 child and adolescent 
psychiatric assessment,22 and the Yale-Vermont adversity in childhood 
scale.23 It is important to recognize that there are spectrums of severity 
with each questionnaire. 
 
Diffusion Tensor Imaging and Fractional Anisotropy  
Neural connections in the brain can be examined using a variety of 
methods, commonly by either diffusion tensor imaging (DTI)24 or 
magnetic resonance imaging (MRI) and its subtypes.25 DTI looks at the 
integrity of axons and is used as an approximation of the integrity of 
myelin.26 DTI uses fractional anisotropy (FA) to assess fasciculi and 
bundles of axons traveling together. Thus, DTI and FA look at the 
commissural,  projection,  and  association  fibers.27  Specifically,  FA 
assesses myelination by measuring the direction of water movement 
along axons, and DTI provides a means of visualizing that movement.24 
Without detailing the specifics, it should suffice to know that a low FA 
value signifies a less dense bundle of axons, and an increased FA value 
signifies a more dense bundle of axons.24 Simply put, white matter 
integrity is either increased or decreased, and thus is an indicator of 
connectivity strength. 
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Nine studies in this review used DTI and FA to look at fasciculi and 
bundle connections. Three of these studies looked at individuals who 
had CA and no psychiatric disorders,28-30 and compared them to a 
control group consisting of adults who had no history of CA and no 
mental health disorder. Six of these studies looked at patients who had 
a history of CA and have a psychiatric disorder such as: bipolar 
disorder,31 major depressive disorder,32 major depressive disorder with 
bullying,33 schizophrenia,34 substance abuse,30 or trait anger.35 These six 
studies used control groups of adults with a history of CA but have no 
psychiatric disorder.  
 
Functional MRI and BOLD Signal  
Unlike DTI which examines specific pathways, functional MRI (fMRI) 
looks at the activation of specific individual regions in the brain. It can 
additionally be used to visualize connections between regions in the 
brain,25 which may or may not have an associated specific fasciculi or 
bundle. The neural activity is measured using a blood oxygen level 
dependent (BOLD) signal, which can be used to assess functional 
connectivity. Assessment of inter-regional connections is accomplished 
by looking at the activity of one region (the seed) and how another 
region (the target) reacts.36 Functional connectivity is described as 
either positive or negative; positive connectivity means the seed region 
activates the target region more, and negative connectivity means the 
seed region does not activate the target as much. We will be consistent 
with terms for functional connectivity, where stronger connectivity 
refers to either more positive or less negative connections; and weaker 
connectivity refers to either more negative or less positive connections. 
 
Eight studies used MRI and BOLD to look at neural circuitry and 
functional connectivity between regions in the brain. None of the 
studies looked at changes in healthy adults; all eight studies looked at 
adults with a psychiatric disorder who had been exposed to adversity 
in childhood. These studies used control groups composed of adults 
who had experienced CA but do not have any psychiatric disorder. The 
disorders studied were borderline personality disorder,37 major 
depressive disorder,38 offspring of bipolar parents,39 post-traumatic 
stress disorder,40 trait anger,41 internalizing symptomatology,42 and 
externalizing symptomatology.43 Psychiatric disorders can be broadly 
classified into internalizing and externalizing. Although these terms are 
not regularly used in practice, they are applied in some studies. 
Internalizing symptoms include anxiety, depression, somatic 
symptoms, positive affect, and interpersonal relations. Externalizing 
symptoms are related to poor impulse control and include drinking 
alcohol, attention deficit hyperactivity disorder, oppositional defiant 
disorder, and conduct disorder. For each study, Table 1 summarizes the 
type of adversity, which questionnaire was used, testing conditions, 
associated mental disorders, and imaging technique used. 
 
Table 1. Assessment of the Methods Used by Each Study 
 
Questionnaire Adversity Type Mental State Task Imaging Reference 
VAS PVA No Disorder Resting state DTI Choi et al. 2009 
CTQ WDV No Disorder Resting state DTI Choi et al. 2012 
CAI ACE No Disorder, Depression, 
Substance Abuse 
Resting state DTI Huang et al. 2012 
RFQ ACE Bipolar Resting state DTI Benedetti et al. 2014 
RFQ ACE Depression Resting state DTI Poletti et al. 2018 
ELSQ ELS Depression + Bullying Resting state DTI Graziano et al. 2019 
RFQ ACE Schizophrenia Resting state DTI Poletti et al. 2015 
CTQ CA Trait Anger Resting state DTI Kim et al. 2019 
RFQ ACE Borderline PD Negative emotion fMRI Vai et al. 2017 
CAPA Poverty Depression Resting state fMRI Barch et al. 2016 
SLES nSLE High risk offspring bipolar Negative emotion fMRI Hanford et al. 2019 
Direct Assault PTSD Resting state fMRI Zielinski et al. 2018 
CTQ CA Trait Anger Negative emotion fMRI Kim et al. 2018 
CTQ Maltreatment Internalizing Positive reward fMRI Hanson et al. 2018 
CAPA Longitudinal CA Externalizing Resting state fMRI Barch et al. 2018 
CTQ Abuse Externalizing Negative emotion fMRI Peverill et al. 2019 
Y-VACS Maltreatment Positive support Negative emotion fMRI Wymbs et al. 2020 
Legend: ACE: Adverse Childhood Experience; CA: Childhood Adversity; CAI: Childhood Adversity Interview; CAPA: Child and Adolescent Psychiatric Assessment; CTQ: Childhood Trauma 
Questionnaire; ELS: Early Life Stress; ELSQ: Early Life Stress Questionnaire; nSLE: Negative Stressful Life Event; PD: Personality Disorder; PTSD: Post Traumatic Stress Disorder; PVA: Parental Verbal 
Abuse; RFQ: Risky Families Questionnaire; SLES: Stressful Life Event Schedule; VAS: Verbal Abuse Scale; WDV: Witness Domestic Violence; Y-VACS: Yale-Vermont Childhood Adversity Scale 
 
Results 
Table 2a and Table 2b are separated by DTI and fMRI studies, and each 
represents the functional connectivity in each single pathway and the 
associated disorders. If imaging is obtained, Table 2 is clinically useful 
because visualizing an affected pathway may help narrow down 
possibilities of what psychiatric disorders could develop. Another way 
the data could be organized is by the functional connectivity changes 
of each single disorder and all the pathways affected. This is useful for 
research purposes in identifying the pathways affected in a known 
disorder. However, this is not as clinically relevant because, at the 
current stage of treatment, the disorder(s) is already diagnosed in a 
patient and therefore the affected pathways cannot be reversed.  
 
DTI: Tracts Assessed 
Weaker connectivity was observed in nearly every pathway in 
individuals exposed to CA and was independent of whether the subjects 
were healthy or had a psychiatric diagnosis.28-35 In total from the DTI 
studies, sixteen tracts were found to have decreased connectivity and 
two tracts to have stronger connectivity (Table 2a).  
 
The tracts with stronger connectivity were the medial lemniscus and 
posterior corona radiata in individuals who were depressed and had a 
history of being bullied.33 However, the finding of increased connectivity 
in the left posterior corona radiata33 is opposite to findings from three 
other studies, which all noted decreased FA in the corona radiata.31,34,35 
In particular, two papers specifically noted the left hemisphere was 
decreased,31,34 and one did not specify laterality.35  
Review  
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Table 2a. Diffusion Tensor Imaging. Change in Connectivity Strength Arranged by Affected Pathway and Associated Psychiatric Disorders 
 
Pathway Affected Connectivity Strength Mental State Reference 
Diffusion Tensor Imaging and Fractional Anisotropy (FA) 
Arcuate fasciculus (in superior temporal gyrus) Weaker (Decreased FA) No Disorder Choi et al. 2009 
Cingulum bundle to cingulate gyrus Weaker No Disorder, Choi et al. 2009, 
                        to hippocampus (Decreased FA) Bipolar, Benedetti et al. 2014,   
Depression, Poletti et al. 2018,   
Schizophrenia, Poletti et al. 2015, 
    Substance Abuse Huang et al. 2012 
Corona radiata Weaker Bipolar, Benedetti et al. 2014,  
(Decreased FA) Schizophrenia, Poletti et al. 2015, 
    Trait Anger Kim et al. 2019 
Corona radiata (posterior left) Stronger (Increased FA) Depression + Bullying Graziano et al. 2019 
Corpus callosum (genu, body, and splenium) Weaker No Disorder, Huang et al. 2012,  
(Decreased FA) Bipolar, Benedetti et al. 2014,   
Depression, Poletti et al. 2018,   
Schizophrenia, Poletti et al. 2015, 
    Trait Anger Kim et al. 2019 
External capsule Weaker  
(Decreased FA) 
Trait Anger Kim et al. 2019 
Forceps major Weaker 
(Decreased FA) 
Depression Poletti et al. 2018 
Forceps minor Weaker Bipolar, Benedetti et al. 2014, 
  (Decreased FA) Depression Poletti et al. 2018 
Fornix body Weaker  (Decreased FA) No Disorder Choi et al. 2009 
Inferior fronto-occipital fasciculus Weaker No Disorder, Huang et al. 2012,  
(Decreased FA) Bipolar, Benedetti et al. 2014, 
    Depression Poletti et al. 2018 
Inferior longitudinal fasciculus Weaker  Depression, Poletti et al. 2018,  
(Decreased FA) Schizophrenia, Poletti et al. 2015, 
    No Disorder Choi et al. 2012 
Internal capsule Weaker (Decreased FA) Depression Poletti et al. 2018 
Sagittal striatum Weaker (Decreased FA) Trait Anger Kim et al. 2019 
Superior fronto-occipital fasciculus Weaker (Decreased FA) Trait Anger Kim et al. 2019 
Superior longitudinal fasciculus Weaker No Disorder, Huang et al. 2012,  
(Decreased FA) No Disorder, Benedetti et al. 2014,   
Bipolar, Poletti et al. 2018,   
Schizophrenia, Poletti et al. 2015, 
    Trait Anger Kim et al. 2019 
Thalamic radiation Weaker Bipolar, Benedetti et al. 2014,  
(Decreased FA) Depression, Poletti et al. 2018,   
Schizophrenia, Poletti et al. 2015, 
    Trait Anger Kim et al. 2019 
Uncinate fasciculus (amygdala to dlPFC) Weaker Bipolar, Benedetti et al. 2014, 
  (Decreased FA) Trait Anger Kim et al. 2019 
Medial lemniscus Stronger (Increased FA) Depression + Bullying Graziano et al. 2019 
 
DTI: Individual pathways affected in multiple disorders 
Of the tracts with decreased connectivity, nine were associated with 
multiple disorders (Table 2a). Thus, it cannot be stated that they have 
a direct correlation to developing a particular disorder if their 
connectivity strength is decreased. The tracts with decreased 
connectivity associated with multiple disorders are the cingulum 
bundle,30-32,34 corona radiata,31,34,35 corpus callosum,31,32,34,35 forceps 
minor,31,32 inferior fronto-occipital fasciculus,30-32 inferior longitudinal 
fasciculus,29,32,34 superior longitudinal fasciculus,30-32,34,35 thalamic 
radiations,31,32,34,35 and the uncinate fasciculus.31,35  
 
DTI: Unique pathway changes associated with a single disorder  
Seven of the tracts with decreased connectivity were associated with 
only a single disorder (Table 2a). The arcuate fasciculus was decreased 
in adults exposed to adversity but without any disorder.28 The body of 
the fornix was decreased in subjects without any disorder.28 The 
external capsule, the sagittal striatum, and the superior fronto-occipital 
fasciculus were decreased in trait anger.35 The forceps major and the 
internal capsule were decreased in depression.32  
 
fMRI: Individual pathways affected in multiple disorders 
Connections from the amygdala to other regions are altered in trait 
anger,41 borderline PD,37 depression,38 PTSD,40 and children of bipolar 
parents at high risk for developing bipolar disorder themselves.39 The 
amygdala is an emotional control center, thus children who experience 
adversity are conditioned to  control their emotions more, and therefore 
there could be stronger connections from the amygdala. In support of 
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Table 2b. Functional Magnetic Resonance Imaging. Change in Connectivity Strength Arranged by Affected Pathway and Associated Psychiatric Disorders 
 
Pathway Affected Connectivity Strength Mental State Reference 
Amygdala activity High and no increase dlPFC activity Weaker 
(Negative) 
Trait Anger Kim et al. 2018 
Amygdala to cerebellum vermis Stronger Depression, Barch et al. 2016, 
              to dorsolateral prefrontal cortex (Reduced Negative) Borderline PD, Vai et al. 2017, 
              to dorsomedial prefrontal cortex or (More Positive) High risk offspring bipolar Hanford et al. 2019 
              to lateral superior occipital cortex 
   
              to lingual gyrus 
   
              to precuneus 
   
              to subgyral region 
   
              to superior parietal lobule       
Amygdala to ventral anterior cingulate gyrus Weaker PTSD Zielinski et al. 2018 
              to ventral anterior superior frontal gyrus (Reduced Positive)     
Dorsal anterior cingulate cortex to angular gyrus Weaker PTSD Zielinski et al. 2018 
                                           to lingual gyrus (Reduced Positive) 
  
                                           to precuneus       
Hippocampus to superior frontal cortex Stronger 
(Reduced Negative) 
Depression Barch et al. 2016 
Inferior frontal gyrus to culmen cerebellum Weaker Externalizing Barch et al. 2018 
                             to cuneus (More Negative) 
  
                             to inferior parietal lobule 
   
                             to precentral gyrus       
Rostral anterior cingulate cortex to precuneus Weaker PTSD Zielinski et al. 2018 
        rACC to ventral anterior superior frontal gyrus (Reduced Positive)     
Ventral striatum to medial prefrontal cortex Stronger (More Positive) Internalizing (MDD) Hanson et al. 2018 
Ventromedial prefrontal cortex (mOFC & sgACC) to amygdala Weaker (More Negative) Externalizing Peverill et al. 2019 
Orbital frontal cortex Stronger (More Positive) Positive support Wymbs et al. 2020 
Amygdala Stronger, not as much Positive support Wymbs et al. 2020 
Anterior cingulate cortex (Less increase vs control) 
  
Frontal pole 
   
Insula 
   
Nucleus accumbens (part of ventral striatum)       
 
Legend: dlPFC: Dorsolateral Prefrontal Cortex; PD: Personality Disorder; PTSD: Post Traumatic Stress Disorder; rACC: Rostral Anterior Cingulate Cortex; MDD: Major Depressive 
Disorder; mOFC: Medial Orbitofrontal Cortex; sgACC: Subgenual Anterior Cingulate Cortex 
 
 
to multiple other regions including the cerebellar vermis, dorsolateral 
prefrontal cortex, dorsomedial prefrontal cortex, precuneus, subgyral 
region,37 lingual gyrus,38 lateral superior occipital cortex, and superior 
parietal lobule.39  
 
Two studies found weaker connections from the amygdala. One 
pathway was a less positive BOLD from the amygdala to both the ventral 
anterior cingulate gyrus and ventral anterior superior frontal gyrus.40 
The other pathway was a decreased FA in the uncinate fasciculus from 
the amygdala to the dorsolateral prefrontal cortex (dlPFC).35 Of note, 
two studies looked at seed and target region activity in the same 
pathway from the amygdala to the dorsolateral prefrontal cortex.37,41 
They found opposite results, but in different disease states, indicating 
a possibly pertinent future question. In borderline personality disorder, 
an increased positive association was found from the amygdala to 
dlPFC,37 meaning that high amygdala activity results in high dlPFC 
activity. Contrastingly, in trait anger a negative association was found 
from amygdala to dorsolateral prefrontal cortex,41 meaning that a high 
amygdala activity results in less response from the dlPFC. Thus, in both 
cases the amygdala was hyperactive, but there is a stronger dlPFC 
response in borderline PD,37 and a weaker dlPFC response in trait anger.41 
 
In normal emotion processing, the amygdala activates the prefrontal 
cortex (PFC), which feeds back to downregulate the amygdala, thus 
creating a normal negative association from the PFC to amygdala. One 
study looked at this feedback response while monitoring subject’s 
negative emotional response; specifically, they looked at the pathway 
from the ventromedial PFC (vmPFC) to the amygdala.44 They found a 
weaker (i.e. more negative) connection between the ventromedial PFC 
to amygdala, indicating that the vmPFC was unable to downregulate 
the amygdala. Furthermore, they found that the connection became 
even weaker with an increasing severity of ACE. In other words, children 
exposed to ACE have less downregulation of the activation of the amygdala. 
 
One study looked at connections form the dorsal anterior cingulate 
cortex to multiple other regions, and all these pathways were weaker 
if a subject had been exposed to childhood adversity.40 Several 
pathways from the inferior frontal gyrus to multiple regions were all 
found to have more negative connectivity in individuals with 
externalizing symptomatology.43 The rostral anterior cingulate cortex 
was found to have weaker connectivity to the precuneus and the 
ventral anterior superior frontal gyrus in PTSD adolescents.40 These 
studies indicate that the majority of pathways affected are usually 
weakened in children exposed to adversity.  
 
fMRI: Unique pathway changes associated with a single disorder  
Of note there are some single pathway changes that have only been 
found in one disease. The pathway from the hippocampus to the 
superior frontal cortex was found to have stronger (i.e. less negative) 
connectivity in people with depression.38 Stronger connectivity was 
found from the ventral striatum to the medial prefrontal cortex in 
people with internalizing symptomatology.42 This could be significant 
Review  
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because knowing a single pathway change could help predict the singular 
disorder outcome; however more research needs to be done on this topic. 
 
The following is a summary of all the major findings discussed in this 
review. Stronger connectivity was noted from the hippocampus to the 
superior frontal cortex in depression,38 from the ventral striatum to the 
medial prefrontal cortex in depression,42 in the medial lemniscus in 
people who were bullied with depression,33 and from the amygdala to 
most target regions in depression,38 borderline PD,37 and offspring of 
bipolar parents.39 Findings in the corona radiata are unclear because 
some studies note weaker association,31,34,35 while other studies note 
stronger connectivity.33 All other pathways had weaker connectivity, 
including some other pathways from the amygdala. Figure 2 shows 
white matter tracts,45 most of which are affected by childhood adversity.  
 
Severity of adversity is positively correlated with severity of disorder 
Severity of adversity does not have a singular definition, it is a general 
concept that can relate to how bad a situation is, how many types of 
adversity one is exposed to, how long the adversity lasts, and how old 
one is at the time of exposure, among others. Each questionnaire used 
in the studies provides a spectrum of how severe the adversity was 
that each child experienced. A common finding across all studies was 
that the degree of change in the neural circuitry correlated with the 
severity of adversity. In most tracts, more severe adversity caused more 
changes in the brain.29,32,34,35,37,44 One effect of this is that the age of 
onset of psychiatric illness correlates with CA severity. For example, 
both more severe adversity and longer duration of adversity is 
associated with an earlier age of onset in bipolar disorder.31 Another 
finding is that more severe adversity correlates with more severe 
presentation of a disorder, should it manifest. Increasing severity of 
adversity increased the severity of borderline personality disorder,37 
and increased severity of externalizing symptomatology.43 It should also 
be noted that increasing severity of adversity positively correlates with 
both volumetric10 and activity12 changes in the brain. 
 
Discussion 
Considering the results from the DTI studies, it appears that any 
adversity in childhood can cause a reduction in myelination and 
reduced connectivity through all major projection, association, and 
commissural fiber tracts. Furthermore, it can be interpreted that 
alterations in most of these tracts can cause any disease and are non-
specific, meaning that many different tract changes are associated with 
many different disorders. However, there are a few locations affected 
that may cause unique disorders. Therefore, it may be more clinically 
useful to understand connectivity between regions and their excitatory 
or inhibitory influences. For this reason, the results of the fMRI studies 
are more clinically useful as they allow the visualization of how one 
region exerts a response from another region. Clinically, it is also more 
useful to look at subjects who developed a disorder rather than those 
who remain healthy. That is to say, understanding the changes in each 
particular disorder is more important than just understanding changes 
that do not lead to a disorder.  
 
Clinical Application 
It is known that people exposed to CA are at higher risk for developing 
a psychiatric disorder,7 and as mentioned previously, brain changes are 
positively correlated with increasing severity of adversity. Thus, 
knowing the severity of adversity that was experienced in childhood 
may help with preventive medicine. Primary care clinicians should be 
 
 
Figure 2. White Matter Tracts 
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cognizant of patients who had difficult childhoods and monitor them 
for development of psychiatric disorder and try to detect early onset. 
Therefore, in the future it might be an option to recommend that if a 
patient has a certain number of adverse events (i.e. threshold), they 
should be monitored more closely for early detection of possible 
development of psychiatric disorder. Perhaps it should be 
recommended that new patients take a standardized questionnaire 
about their childhood experiences. 
 
There is some evidence that the specific type of adversity experienced 
affects specific regions in the brain involved in those experiences.46 
However, there is not a complete data set that indicates exactly what 
changes are a result of what type of adversity, nor whether there is 
statistically significant association. Therefore, although research is 
getting closer, two questions of importance remain unanswered: (1) do 
certain types of adversity cause certain brain changes? (2) do specific 
brain changes lead to specific disorders?  
 
If (1) and (2) are both true, then identifying the type of adversity would 
allow prediction of the type of disorder. This would be especially useful 
in practice, because it would not require looking at the brain directly 
to determine what disorder may develop. This provides yet another 
reason for possibly obtaining a questionnaire about childhood adversity 
to new patients.  
If (1) is true but (2) is false, then it can just as appropriately be said 
that any type of adversity may cause any type of disorder. Apart from 
already knowing that there is increased risk for a disorder to possibly 
develop, this would not be especially useful in clinical practice.  
 
If (1) is false but (2) is true, then identifying what change has occurred 
could allow prediction of what type of disorder might develop in 
patients with history of severe CA. However, this would require direct 
visualization of the brain. Therefore, another potential  monitor of at-
risk patients could be an MRI scan if a threshold number of adverse 
events has been reached. This would allow for detection of which 
pathway changes have occurred and therefore narrow the field of 
potential psychiatric disorders for which they are at risk of developing. 
Again, this would only be useful if it is determined that certain changes 
are indeed linked with certain disease states. However, considering the 
current cost of MRI and cost of care, a thorough cost analysis would 
need to be performed; this is outside the scope of this paper. A brief 
look at the cost of care for individuals with history of childhood 
adversity may be useful. For victims surviving child maltreatment, the 
associated lifetime medical costs are estimated to be approximately 
$43,000.47 For child maltreatment resulting in death, the associated 
lifetime medical costs are approximately $14,000. In 2008, the estimated 
total lifetime economic burden of childhood maltreatment in the United 
States was $124 billion and possibly up to $585 billion.47 
 
Future directions 
Possibly the most pertinent question for the future is to determine 
whether the changes in these children can be prevented entirely, 
halted, or reversed. More specifically, if children are raised in less 
adverse environments, or receive treatment (i.e., counseling), can their 
neural development be unhindered? We should be asking if and how 
clinicians can assist these children in order to prevent these brain 
changes. As expected, research is moving in this direction. The study 
by Wymbs et al. 2020  looked at the effect of how positive support in 
children exposed to adversity leads to neural changes.48 They found 
that children who had more positive social support had less of an 
increase in activity within regions known to be hyperactive in children 
exposed to adversity.48 This shows that positive support results in less 
change than expected in children with the same amount of adversity 
but no positive support. This study is the first to attempt to answer the 
question of how positive social support affects the neural circuitry of 
children who had been exposed to adversity. While this study is not 
the focus of this review, it offers an understanding of the direction in 
which research will progress and how this knowledge may be applied 
clinically. This study did not look at connectivity between regions, but 
rather looked at activity in singular regions. 
 
Other directions for future research include addressing questions such 
as if clinicians are aware of children experiencing adversity, can that 
affect the outcome of these children? If primary care physicians were 
aware of which children experience adversity, would it change how 
they treat these children? A final question to pursue is to determine 
which, if any, pathways have not yet been imaged, and obtain 
information regarding them.  
 
Alternative Perspectives 
Alternative reasons for these neural changes as a result of CA must be 
considered. It is possible that these changes are beneficial, not 
detrimental as many people suggest. When we assume that life is not 
perfect and all children experience some sort of adversity, then it 
follows that it should be developmentally important to learn to cope 
with problems in life, both consciously and unconsciously. Therefore, 
these neural changes could be adaptive mechanisms to help the 
individual. This hypothesis is difficult to answer because we have no 
way to study a control group who have a life without conflict. However, 
it remains possible that these changes help individuals cope with the 
world around them and leave them better equipped to handle adversity 
throughout life. 
 
However, if these changes are beneficial, they do not explain why 
individuals exposed to CA are more likely to develop psychiatric 
disorder. Or perhaps because there is already  an increased risk of 
developing a psychiatric disorder, it does not offset the possibility that 
these neural alterations leave these children better able to deal with 
their world. In other words, if individuals exposed to childhood 
adversity are able to maintain normal function, these changes might 
be beneficial.  
 
Limitations 
One limitation of the studies is related to the composition of study 
groups. Appropriately each of the studies discussed used childhood 
adversity (CA) as their group of interest. Control groups had different 
compositions; sometimes the control was no adversity, other times it 
was no psychiatric disorder present. In other words, some studies 
looked at CA vs. no CA, while other studies looked at CA with disorder 
vs. CA without disorder. The former helps identify changes in everyone 
exposed to CA but limits insight into clinical outcomes. The latter 
provides useful information about changes specific to resulting clinical 
disorders, however there is no completely healthy control group which 
is a limiting factor. 
 
An additional limitation is that current research suggests most 
connectivity changes are not specific to any psychiatric disease. In 
other words, no singular changes have yet been confirmed as a direct 
link to any specific disease. Also related to this is the limitation of the 
DTI studies. While they are imperative to understanding and advancing 
the field, they appear to demonstrate mostly decreased connectivity 
throughout most of the white matter tracts, and thus do not provide 
specific changes related to specific disease states.  
 
The final limitation is this review itself. This narrative review helps 
understand the current stage of research and addresses future 
directions and possible clinical applications; however, it has a limited 
comprehensive results analysis. A systematic review would yield more 
comprehensive data with comparison of results and would also help to 
identify any bias or random errors.  
 
Conclusion 
The more adversity a child experiences, the more likely they are to have 
negative long-term consequences, such as earlier onset and more 
severe symptoms of a psychiatric disorder. The underlying mechanism 
causing these disorders from CA is relatively unknown. Recent research 
Review  
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has attempted to answer these questions by mapping functional 
connectivity throughout the brain. There are many different types of 
changes in the brain, including alterations in structure, regional activity, 
circuitry, and functional connectivity. These were thought to be 
permanent, but the most recent research has begun to demonstrate 
that they can be attenuated. 48  
 
Clinically, it is important to understand these effects and changes in 
order to potentially and proactively help these children. Clinicians 
should be aware that an increasing severity of childhood adversity 
increases the risk for developing psychiatric disorder. We may be able 
to identify the development of psychiatric illness earlier and treat it 
sooner as we continue to increase our understanding of neurological 
changes. If this can be accomplished, we may also be able to decrease 
hospitalizations due to mental illness and therefore decrease the 
overall cost of care while treating more effectively.  
Learning more about the details of neurological change will help 
clinicians take better care of their patients. Because childhood adversity 
increases the risk for both medical disease and psychiatric illness,7,9 
primary care practitioners should be on the lookout for development of 
these disorders. If clinicians are aware that a patient has had severe 
childhood adversity, they can also be aware of the risk for psychiatric 
illness and possibly identify the onset earlier. But more importantly, 
simply having a basic understanding of a patient’s childhood 
experiences could allow for more comprehensive and compassionate 
care. As we expand this field of knowledge, perhaps new 
recommendations for primary care practitioners will be implemented. 
One idea could be to implement a childhood adversity questionnaire 
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